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(54) TUBE AND CYLINDRICAL SURFACE 
SEALING APPARATUS 



(71 ) We, PRESSURE SCIENCE IN- 
CORPORATED, a corporation organised 
and existing under the laws of the State of 
Maryland, United States of America, of 
5 11642 Old Baltimore Pike, Beltsville, State 
of Maryland 20705, United States of Amer- 
ica do hereby declare the invention for 
which we pray that a patent may be granted 
to us and the method by which it is to be 
10 performed to be particularly described in 
and by the following statement: 

The present invention relates to a fluid- 
tight sealing apparatus for sealing a tube to a 
cylindrical surface, where the tube and 
15 cylindrical surface are likely to be subjected 
=te=a x ial, rotati on a l and angtriat^-mis gKgn= 



- ment and/or movement 

Various piping systems having fluid under 
pressure flowing therethrough must general- 

20 ly be designed to provide for some degree of 
flexibility to allow for dimensional toler- 
ances, thermal expansion and contraction, 
and vibrational deflections between the va- 
rious components which are connected by 

25 the piping. Lightweight compact means, 
which are particularly desirable in aircraft 
and missible systems, for providing such fle- 
xibility are known in the prior art; however, 
these prior art devices generally employ 

30 elastomeric, plastics, rubber or asbestos 
type seals to prevent leakage of the fluid 
flowing in the flexible system. Unfortunate- 
ly, these types of seals tend to fail when ex- 
posed to high temperatures (above 400°F.- 

35 SOOT.) at very low temperatures, or in en- 
vironments subjected to radiation. 

Typically, sealing assemblies used in flexi- 
ble piping systems in environments beyond 
the capability of seals made of elastomers 

40 and the like employ sections of piping with 
circumferential corrugations (Le. s bellows) 
expansion loops, or devices containing pis- 
ton rings. However, these devices are gener- 
ally very heavy, require large amounts of 

45 space, and are prone to failure and, there- 



fore, leakage due to fragility and wear. 
Moreover, these sealing systems often re- 
quire exact tolerances and are difficult to 
manufacture and install. 

According to the present invention, there 
is provided a fluid-tight sealing apparatus 
for sealingly connecting a tube to a cylin- 
drical surface where the tube and the cylin- 
drical surface are likely to be subjected to 
relative angular misalignment, axial move- 
ment and rotation, the apparatus compris- 
ing an annular metallic, resilient sealing 
member comprising a tapering portion and a 
ring portion which is integrally and coaxially 
connected to one end of the tapering por- 
ti o n s o that t h e ring portion and the taperi ng- 
portion are located on opposite sides of 
a radial plane containing said one end of 
the tapering portion, the sealing member 
being coaxially connected, when in use, to 
the end of a tube so that the tapering por- 
tion is disposed between said end of the tube 
and said ring portion, the ring portion hav- 
ing a curved surface which has a free dia- 
meter as herein defined which is different 
from the diameter of the cylindrical surface 
whereby when the sealing member is con- 
nected to the cylindrical surface so that the 
curved surface of the ring portion contacts 
said cylindrical surface, said ring portion is 
elastically deformed to produce an interfer- 
ence fit between the curved surface of the 
ring portion and said cylindrical surface 
which constitutes a fluid-tight seal therebe- 
tween. 

The cylindrical surface may be the in- 
terior surface of a bore with the sealing 
member including a frustoconical portion 
having a ring portion at the larger end there- 
of and fitting into the bore. In this instance, 
the free diameter of the curved surface prior 
to installation is greater than the interior 
diameter of the bore and, since the sealing 
member is resilient, the curved surface pro- 
vides a spring loaded interference fit be- 
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tween itself and the bore. ' As used herein, the phrase ''free dia- 

Alternatively, the cylindrical surface may meter" means the diameter of the ring por- 
be the exterior surface of a conduit with the tion curved surface prior to installation with 
sealing member including a frustoconical the cylindrical surface, and therefore prior 
5 portion having the ring portion at the smal- to its elastic deformation, whether com- 70 
ler end thereof and fitting around the con- pression or expansion, 
duit. In this instance, the curved surface has Reference is now made to the accom- 
a free diameter prior to installation which is panying drawings which illustrate, by way of 
less than the outer diameter of the conduit, example, embodiments of the present in- 
10 thereby providing a spring loaded interfer- vention and of which: 75 
ence fit between the curved surface and the Figure lis a side elevational view in longi- 
outer surface of the conduit tudinal section of a tube having a fluid-tight 

Whilst the radius of curvature in longitu- sealing apparatus thereon in accordance 
dinal section of the curved surface of the with the present invention, the apparatus 
15 nng portion which contacts the cylindrical being in its elastically undeformed state; 80 
surface, may be equal to the radius of the Figure 2 is a side elevational view in longi- 
cylindrical surface, it has been found that a tudinal section of the tube shown in Figure 1 
smaller radius of curvature in longitudinal in its elastically deformed state in which it 
section of the curved surface can reduce the has been installed in the cylindrical bore of a 
leakage rate of the sealing apparatus. That body, the bore having a diameter of X which 85 
is, since leakage of fluid between two con- is less than the free diameter A of the appar- 
tactmg surfaces is related to the contact atus shown in Figure 1; 
stress, which is defined by the force tending Figure 3 is an end elevational view in see- 
to push the contacting surfaces together di- tion taken along lines 3-3 in Figure 2 show- 
vided by the area of contact, an increase in ing a keeper assembly which prevents the 90 
the contact stress reduces leakage. Thus, by sealing member from exiting from the cylin- 
making the radius of curvature in longitu- drical bore in the body shown in Figure 2; 
dinal section of the curved surface on the Figure 4 is a side elevational view in longi- 
ring portion smaller, the area of contact is tudinal section similar to Figure 2 except 
30 reduced, thereby increasing the contact with the tube angularly misaligned relative 95 
stress, to the centre line of the cylindrical bore in 

In addition, hy <\f>r X ^\^ th* radius in the 
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longitudinal section of the curved surface. Figure 5 is a side elevation view in partial 
exact tolerances and/or very high polish on section showing a tube having a fluid-tight 
35 the contacting surfaces are not necessary, sealing apparatus at both ends, these two 100 
Moreover, since the sealing apparatus is ends being received in two bodies having 
formed of metal, it can exist under extreme cylindrical bores therein and maintained in 
temperatures and in environments sub- that position by means of keeper assemb- 
jected to radiation. lies; 
40 Since the frustoconical tapering portion Figure 6 is a side elevational view in par- 105 
and the ring portion are preferably made of tial section of a tube having two fluid tight 
very thin, high strength alloys, the sealing sealing apparatus at opposite ends, these 
member can be compact and light in weight, ends being received in two bodies having 
Additionally, the difference in diameters cylindrical bores therein, but the use of the 
45 of the tube and the cylindrical surface to be keeper assemblies, being unnecessary is eh- no 
coupled is such that, while an interference minated; 

fit is utilized, the dimensions and materials Figure 7 is a side elevational view in longi- 
are chosen so that the elastic limit of the sea- tudinal section of a second embodiment of 
ling member is not exceeded so that it will the present invention in which the cylindric- 

50 return to its initial size after the tube and al surface is the exterior surface of a cylin- 115 
the cylindrical surface are disconnected, drical conduit and the sealing member fits 
Thus, the sealing member is reusable. around the cylindrical conduit; 

As used herein, the phrase "interference Figure 8 is a side elevational view in longi- 
fif means that because the curved surface tudinal section showing the assembly of Fi- 

55 of the ring portion has a free diameter prior gure 7 in which the two conduits shown 120 
to installation slightly different from the dia- therein are misaligned; and 
meter of the cylindrical surface, and since Figure 9 is the same as Figure 2 except the 
the curved surface is resilient, the forcing of ring portion curved surface has a radius of 
the curved surface into or around the cylin- curvature equal to X/2. 

60 drical surface causes the ring portion of the Referring to Figure 1, a fluid-tight sealing 125 
sealing member to be elastically deformed apparatus in accordance with one embodi- 
and thus maintained in intimate circum- ment of the present invention includes a sea- 
ferential sealing contact with the cylindrical ling member 10 at the end of a tube 12, the 
surface due to the reactive force of the elas- sealing member comprising a ring portion 14, 

65 tic deformation. a frustoconical elongate tapering portion 16, 130 
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a frustoconical short portion 18 and a cyan- Boning now to Rgure 2 the tube 12 

chnxun as hp.inp fitted. Of il 



10 



15 



20 



ing the sealing member 10 are integrally 
formed and. as shown in Figure 1, the cylin- 
drical portion 20, which has the same outer 
diameter as the tube 12, is welded along 
weld line 22 to the end of the tube 12. The 
other end of the cylindrical portion 20 is in- 
tegral with the smaller end of the frustoco- 
nical short portion 18 which has its larger 
end integral with the smaller end of the frus- 
toconical tapering portion 16. The larger 
end ot the tapering portion 16 is integral 
with the ring portion 14 which is at the end 
of the sealing member 10, and which is lo- 
cated on the other side of a plane containing 
the larger end of the tapering portion. 

The thickness x of the cylindrical wall 
forming the cylindrical portion 20 can be the 
same or different from the thickness of the 
cvlindrical wall forming the tube 12. As seen 

. J — « .i ^t_« i iUa moll fftrminor 



shown as being fitted, or installed into the 
cylindrical bore 26 in the body 28, such body 
being, for example, d port on a valve, 
actuator or similar component formed of 
metal or ceramic material and the tube 12 
being a pipe or conduit having fluid under 
pressure flowing therethrough and into or 
out of the body 28. The fit of the sealing 
member 10 with the cylindrical bore 26 is an 
interference fit as defined above insofar as 
the maximum free diameter A of the curved 
surface 24 is greater than the inner diameter 
X of the cylindrical bore 26 and the sealing 
member 10 has therefore been forced into 
the cylindrical bore, remaining there by 
means of the outwardly directed spring 
force of the resilient ring portion 14 and the 
resilient tapering portion 16. 

As shown in Figure 2, the curved surface 
24 contacts the inner surface of the cylindric- 



25 



30 



S XSSSS 14. ThTI&g portion «L, between these two elements, 
and the tapering portion have substantially 
equal longitudinal cross-sectional thickness- 
es. This reduction in thickness from x to t 
enhances the resilienc y of the sealin 
ber 1U. Ihe thickness can be bom 



mem- 



seal between these two elements. 

The interference fit must be relatively 
light to enable the sealing member 10 to be 
inserted or removed by normal hand press- 
ure and to ensure that the resilient sealing 
e lement is not sl iebsed beyond its eUsUi- 
limit. This relatively light interference fit. 
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J" Sre L&d Tta£ 1Mb) wh°di fit is datively light, good sealmg character- 



as high strength nickel base austenitic pre 
cipitation hardenable alloys. 

The ring portion 14 has an outer curved 
surface 24 and is arcuate in longitudinal 
cross-section. The exterior free diameter A 
(as defined above) of the curved surface 24 
of the ring portion 14 is greater than the dia- 
meter X of a cylindrical bore 26 in a body 28 
shown in Figure 2. Sealing between the 
member 10 and the cylindrical bore 26 when 
the member 10 is inserted into the cyhndnc- 



11U1U 1*1 fcAlV vw.^ ^ , . 

the sealing member outwardly into its sea- 
ling contact, thereby making the seal "press- 
ure energized^. With a cylindrical bore dia- 
meter X of 0.420 to 0.422 inch, a free dia- 
meter A of the curved surface 24 of 0.424 to 
0.425 inch (i.e. the interference fit is 0.002- 
0.005 inch) has been found advantageous 
for a seal of this diameter (0.421 inch). Two 
inch diameter seals work well with a 0.003 to 
0.007 inch interference fit. 
The contained pressure m the tube being 



loaded contact between the curved surface 
24 and the surface of the bore 26 which is a 

Slo 3 ^u d reT aCtUneatthe " Consequently, a keeper assembly 32, 

Refcrrinl Sain to Figure 1. the curved shown in Figures 2, 3. 4 and 5 is utilized to 

e,,5f;f £ 8 nf *tK rin« oortion extends out- prevent the sealing member 10 from exiting 

sidtSe LstSon caf cCaiSing the f outer The cylindrical bore 26. As best seen _in Fi- 

S^ofttSfrSSonical tapeflng portion gures 2 and 3. this keeper assembly 32 : com- 

ifi tnri therefore the diameter A of the prises a main member 34 having a cutout 36 

tion lo. 
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means of a bolt 38 passing through an aper- 
ture 44 therein and being receivecf in 
threaded bore 46 in the surface 40 of body 
28. 

5 The keeper assembly 32 is coupled to the 
body 28 after the sealing member 10 has 
been manoeuvred into the cylindrical bore 
26 by manoeuvring the cutout 36 over the 
cylindrical portion 20 and passing bolt 38 
10 through aperture 44 into threaded bore 46. 
As shown best in Figures 2 and 3, the 
maximum dimension of the cutout 36 is less 
than the maximum diameter of the frustoco- 
nical short portion 18 so that, when the tube 
15 12 experiences a force tending to pull it 
axially out of the cylindrical bore, the main 
member 34 around the cutout 36 prevents 
such axial exiting by contacting the frustoco- 
nical short portion 18. 
20 Referring now to Figure 5, a curved tube 
48 is shown having a respective sealing 
member 10 such as that illustrated in Figure 
1 in accordance with the present invention 
at each of its ends the sealing members 10 
25 being received respectively in a body 28 and 
a body 50. Since the pressure of fluid flow- 
ing through curved tube 48, as indicated by 
the arrows, would possibly tend to pull the 
curved tube 48 from bodies 28 and 50, a re- 
30 spective keeper assembly 32 is utilized on 
each of the bodies 28, 50. As shown the sea- 
lin g mem bers 10 arc integra l ly formed w ith 



the curved tube 48 so that the cylindrical 
portion 52 adjacent to the frustoconical 
35 short portion 18 of each member 10 is integ- 
ral with the tube and therefore need not be 
welded thereto. 

Referring now to Figure 6, bodies 54 and 
56 are shown as having cylindrical bores 58 
40 in which are accommodated respective sea- 
ling members 60 and 62 located at opposite 
ends of a tube 64. Each of the cylindrical 
bores 58 leads to a reduced diameter bore 
59, each of which is adjacent to the respective 
45 end of tube 64. In this instance, if the bociies 
54 and 56 are rigidly supported against rela- 
tive movement and fluid flows through tube 
64 in the direction shown by the arrows, 
there is no necessity for any keeper assemb- 
50 lies since there is no tendency for tube 64 to 
be axially displaced from the cylindrical 
bores 58 because any slight axial displace- 
ment of the tube 64 causes one end of the 
tube 64 to strike the face of the respective 
55 bore 59 before the other end of the tube 64 
exits from the other body. With the removal 
of the necessity for any keeper assemblies, 
there is no need for the sealing members 60 
and 62 to have frustoconical short portions 
60 like the portion 18 of Figure 1 interposed 
between the cylindrical portion 20 and the 
frustoconical tapering portion 16. 

As seen on the right hand side of Figure 6, 
sealing member 60 has its cylindrical portion 
65 20 welded along weld line 22 to the tube 64, 



while as seen on the left hand side of Figure 
6, the sealing member 62 is integrally 
formed with tube 64, thereby eliminating 
the necessity of a weld line. 

In practice , because' of tolerances and de- 70 
flections of the components such as bodies 
54 and 56 in Figure 6 to be connected, the 
sealing member 10 may not be in perfect 
alignment with the cylindrical bore 26 as 
shown in Figure 2, but will tend to be mis- 75 
aligned by some angle a as shown in Figure 
4. In general the tolerance and deflections 
are such as to require angle a to be less than 
6° and most applications are covered by 
angle a being less than 12°. 80 

As shown in Figure 4, the radius of curva- 
ture Y of the longitudinal section of the 
curved surface 24 is less than the radius of 
the cylindrical bore 26, i.e., less than X/2 
which increases the contact stress between 85 
surface 24 and bore 26, thereby decreasing 
the leakage rate of the contained fluid. It 
has been found that the radius of curvature 
Y can be reduced to about 20% of the radius 
of the bore 26 and still maintain a "bubble 90 
tight" seal with Nitrogen at 500 psi for 
angles a of misalignment as great as 5* with a 
0.3125 diameter tube. A "bubble tight" seal 
is one which has a leakage rate of 10^ cc/sec. 
of Helium. " 95 

The high conta ct stress resulting from the 

- r e duced rad ius of cui vatur e g ives excellent 
leakage control at relatively small values of 
angles a but if larger values of angle a are 
required then the radius of curvature can be 100 
increased to meet such requirements, 
although a slight loss in leakage control may 
be experienced at small angles. Thus, on a 
2.25 inch diameter seal, the pivotal capabil- 
ity of the sealing element (i.e. the variation 105 
possible in the value of angle a) can be in- 
creased from an angle a=3° to a=5° by 
changing the radius of curvature of the outer 
surface from 0.125 to 0.250 inch. 

Whilst the circumferential seal interface 110 
30 in Figure 2 would be substantially a circu- 
lar line with the axis of the ring portion (i.e. 
of curved surface 24) and the axis of bore 26 
being coincident (Le. a = 0) in the arrange- 
ment of Figure 4 the seal interface becomes 115 
substantially an elliptical line with the axes 
of the tube 12 (i.e. of curved surface 24) and 
bore 26 out of alignment (i.e. the angle a is 
greater than zero). 

Thus, the sealing member 10 provides a 120 
viable seal with bore 26 during relative 
axial, sliding movement therebetween, rela- 
tive angular misalignment therebetween, 
and relative rotation therebetween. 

Figures 7 and 8 disclose an alternative 125 
embodiment of the invention which has the 
same basic concept as the embodiment of 
Figures 1 to 6 the difference being that in 
the embodiment of Figures 7 and 8 the cylin- 
drical surface with which the sealing mem- 130 
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ber is to effect a seal is the exterior cylindric- 
al surface of a cylindrical conduit and the 
sealing member includes a frustoconical 
portion having a ring portion at the smaller 
5 end thereof, the ring portion fitting around 
and sealingjy engaging the outside surface of 
the cylindrical conduit. In this instance, the 
interference fit between the sealing member 
and the conduit is provided by the minimum 
10 free diameter of tne curved surface on the 
ring portion being less than the outer dia- 
meter of the cylindrical conduit. 

Referring specifically to Figure 7, a tube 
70 has a first sealing member 72 at one end 
15 and a second sealing member 74 at the other 
end, both of these sealing members being 
integrally formed with the tube 70. The first 
sealing member 72 comprises a frustoconical 
tapering portion 76 and a ring portion 78 ex- 
20 tending trom the smaller end of the frusto- 
conical tapering portion 76. The larger end 
of the tapering portion 76 extends from the 
end of tube 70. 
Similarly, the second sealing member 74 
25 is comprised of a second frustoconical taper- 
ing portion 80 and a second ring portion 82 
extending from the smaller end of the 
second tapering portion 80. The larger end 
of the second tapering portion extends from 
30 the end of the tube opposite the tapering 
portion 76. 
Ring portion 78 has a curved surface 84 



sealing members 72 and 74. 

As seen in Figure 7, canister 96 has a first 
open end 98 extending beyond sealing mem- 
ber 72 and receives therein one end of con- 
duit 88, the diameter 6f the first open end 98 70 
being larger than the outer diameter of the 
conduit 88. 

Similarly, the other end 100 of the canis- 
ter 96 is also open and extends beyond the 
end of the second sealing member 74 and 75 
receives the end of the second cylindrical 
conduit 94, the diameter of the second open 
end 100 being larger than the outer diameter 
of the second cylindrical conduit 94. 

The second cylindrical conduit 94 has, 80 
adjacent the end thereof, a first annular por- 
tion 102 which is raised slightly above the 
cylindrical surface 92, and a second annular 
portion 104 extending from the cylindrical 
surface 92 at a location which is spaced left- 85 
wards of the portion 102 and to the left of 
the second open end 100 of canister 96, as 
shown in Figure 7. These first and second 
annular portions on the cylindrical surface 
92 enable unwanted disengagement of the 90 
tube 70 and canister 94 due to various vibra- 
tional forces encountered by the conduits 88 
and 94 to be prevented. While these annular 
portions 102 and 104 are shown only on con- 
duit 94, they could also be provided on con- 95 
duit 88. 

Figure 8 shows the arrangement of Figure 

dNh 



whidl engages, in an inleifeience fi t, t he ou t- 7 but i n a condition in which t he axe s of the 



er cylindrical surface 86 of a first cylindrical 
35 conduit 88 through which fluid under press- 
ure is to flow and which is secured to a rigid 
structure (not shown). 

Similarly, the second ring portion 82 has a 
curved surface 90 which engages, in an in- 
40 terference fit, the outer cylindrical surface 
92 of a second cylindrical conduit 94 through 
which fluid under pressure is to flow and 
which is secured to a rigid structure (not 
shown). 

45 The sealing engagement of the curved 
surfaces 84, 90 and the respective outer 
cylindrical surfaces 86, 92 of the conduits 88, 
94 is the same as that discussed above with 
regard to Figures 1 to 6, and therefore will 

50 not be discussed again in detail. However, it 
is apparent from Figure 7 that fluid flowing 
between conduits 88 and 94 will be pre- 
vented from leaking out of the closed system 
formed by tube 70 and sealing members 72 

55 and 74 by means of the seal formed respec- 
tively between curved surfaces 84 ana 90 
and the outer cylindrical surfaces 86 and 92 
of the conduits. 
As shown in Figure 7, a cylindrical canis- 

60 ter 96, having an inside diameter equal to 
the outer diameter of tube 70, is welded to 
the tube 70 along their contacting margins 
and, since the canister 96 is of thicker mate- 
rial than tube 70, it provides protection from 

65 vibrational forces for the tube 70 and its thin 



conduits 88 and 94 are misaligned by an 
angle b due to for example dimensional tol- 10 
erances or vibrational or other mechanical 
forces to which the conduits 88 and 94 are 
subjected. It has been found that a misalign- 
ment angle b of up to about 5° can be toler- 
ated by the sealing apparatus and leakage 10 
will occur at a very low rate. The interfer- 
ence fit between the curved surface 84 and 
the cylindrical surface 86 and the curved sur- 
face 90 and the cylindrical surface 92 main- 
tains the necessary contact between these 11 
parts to maintain the seal during such mis- 
alignment. 

The embodiment of the fluid-tight sealing 
apparatus in accordance with the present in- 
vention shown in Figure 9 is the same as that 11 
shown in Figure 2 except the curved surface 
106 of the ring portion 108 has a radius of 
curvature in longitudinal section which is 
equal to the radius of the cylindrical bore 
26. Thus, the curved surface has a radius of 12 
curvature in longitudinal section equal to XI 
2 as shown in Figure 9. 

Whilst the contact stress of the seal inter- 
face between the curved surface 106 and the 
surface of the cylindrical bore 26 is less than 12 
the contact stress in the embodiment of Fi- 
gure 2 since the area of contact is greater, 
the embodiment of Figure 9 can maintain a 
contacting seal interface over a wider range 
of angular misalignment than can the embo- 13 
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^.ISltog apparatus as described he- riSffiST^ft^ 

5 viornments subjected to radiation, in which ffidricS K£ " ° f ** 70 

leakage is minimised even when the appar- 7 A flniH ^t *. 
atos is subjected to axial rotational^ accordmg to dam? 6 in S saff curved 

h miSahgnment ?" d moveme nt is sui^oftherS^^sS^SS? 
lightweight, easy to make and install and ly outwards of SI Wocon^Sninaih; 

^ffl^^lS apparatus for clJm ££^ 7 «S^ 

15 surface where the tube and the cylindrical short portion of which one end is coiSaflv 80 
surface are likely to be subjected to relative and integrally connected to the endSj 
angular misalignment, axial movement and -frustoconical tapertog portion opporite to 
rotation the apparatus comprising an annu- said ring portiof, and rSdricXortion 
larmetalhc,res,hent sealing member com- which il f coaxially and inSSraSed 

° E g ic «P enn gP°^, on faring portion to the other end ofsaid ^^Snk^short 
which is integrally and coaxially connected portion snon 
to one end of the tapering portion so that 9. A fluid-tight sealing aoDaratus 
thenngportionandtfietaperingportionare according to claim 8, in whfch saKdv 
locatedon opposite sides of a radial plane having said bore fo^ed ^efa haTretS 

STK 0neend K f 1f^ ering P?- meanf, mounted on me ouSr?urfa(?ofSJ 

tion. the sealing member being coaxially body which is adjacent the entnmceof said 

connected, when m use. to the end of a tube bore, for inhibidnrawSental^mnvai *S 

so that the tapering portion is disposed be- said seaUng meX? S saio bore oncl the 

30 £wS^^^^ 95 
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90 



sealing member is connected to the cylin- ceiving said cylindrical portion of the sealing 
dncal surface so that the curved surface of member, said y arcuate SSSrt hwtoS 5 100 

tSFW*!* COnt ^ SH ^ d c t Sa P& 1 imum dimension smaUer than SSr£ 
face, sa d ring portion is elasticaUy d e- meter of said frustoconical short portion^ of 
formed to produce an interference fit be- the sealing member portion ot 

tween the curved surface of the ring portion H. A fluid-tieht sealinir annaratnc 
40 and said cylindrical surface which consti- a«x,rdmgto cSn #£ dato 7 8 in wSch sS 105 
tutes a fluid-jght seal therebetween. sealing member fuSer^SnprisS a cyto 

JLwJS d:,,g t ht - S l^!! g «PP aratus drical portion which is coaxially and intee- 
SS? g t °. C * la,m U m W ^ lch u said rm £ P° r " ra »y connected to the end ofsaid I fraX 
Uon and said tapering portion have substan- nical tapering portion which iropporite to 
SiidE 6 longitudinal cross-sectional said ring portion. opposite to ^ 

3. n A eS iiuid-tight sealing apparatus ac^rdinl to^ylfdaimtft ll^S^ 
according to claim 1 or claim 2 in which said bSonw i£3fc 

50 TeS 1<>n 15 " CUate m ta « todlMl cross of the M^Sta£S£S 

ou section. with the end of the tube which is to be sea- 115 

4. A fluid-tight sealing apparatus ii ng I y connected to said cylindrical surtax 
according to claim 3, in which said curved 13 a finiri tY«,tt *Z»tlz. surtace - 
surface of the ring portion has a radius of according to any ofc aimstt 1 WSS? 
curvature in longitudinal section which is iSSSSRi^^lH^^rt^ 

cyiinancai surtace t0 the end of tne tube g jch fe fa & 

65 seal. ,n which said nng portion is integrally portion, and in whid!tefiS3affi3 130 
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said cutved surface is less than the diameter 
of the cylindrical surface. 

15, An assembly comprising a tube, a 
pair of fluid-tight sealing apparatuses as 

5 claimed in claim 14, each sealing apparatus 
being connected to a respective end of the 
tube, and a pair of conduits having cylindric- 
al exterior surfaces, each sealing apparatus 
being fitted over the end of a respective one 

10 of said conduits so that the curved surface of 
its ring portion forms an interference fit con- 
stituting a fluid-tight seal with the exterior 
cylindrical surface of the respective conduit. 

16. An assembly according to claim 15, 
15 in which an open-ended cylindrical cannister 

is mounted around the tube so that each end 
of the cannister surrounds a respective one 
of the conduits and extends beyond the ring 
portion of the respective sealing apparatus. . 
20 17. An assembly according to claim 16, 



in which either or both of said conduits has 
thereon means for inhibiting accidental dis- 
engagement of said cylindrical cannister 
therefrom. 

18. A fluid-tight sealing apparatus sub- 
stantially as hereinbefore described with re- 
ference to and as illustrated in Figures 1 to 
6, Figures 7 and 8 or Figure 9 of the accom- 
panying drawings. 

19. An assembly as claimed in any of 
claims 15 to 17, substantially as hereinbe- 
fore described with reference to and as illus- 
trated in Figures 7 and 8 of the accompany- 
ing drawings. 
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